Renal biopsies were studied by light microscopy, immunofluorescence/immunohistochemistry and electron microscopy.
Results. In the present study, the frequency of various morphological variants was collapsing 2%, tip 13.5%, cellular variant 8%, perihilar 4% and FSGS-NOS 72.5%. The variants had a significant difference in the duration of onset of illness at the time of biopsy. The cellular variants were biopsied the earliest (4.38 ± 5.57 months) followed by collapsing (10.75 ± 16.88 months) and perihilar variant at a later stages (65.33 ± 99.30 months). The difference in the degree of proteinuria was statistically significant (P = 0.017) amongst various variants, being highest in collapsing variant (6.17 ± 4.67 g/day) and lowest in peri
Introduction
The term focal segmental glomerulosclerosis (FSGS) has been redefined into five morphological categories that have been observed to have different pathogenetic aetiologies and are expected to have diverse clinical behaviour in terms of presentation, remission of proteinuria, progression of the disease and therapeutic response. Since all the variants were earlier clubbed under a generic term of FSGS, the clinical evaluation yielded a broad range of results. A recent review by D'Agati has reiterated the clinical importance of the morphological variants of FSGS [1] . It is also clear that relative frequency of the variants of FSGS differs in different populations [2] [3] [4] [5] [6] . Thus, collapsing variant occurs predominantly in blacks, whereas the tip variant is more common in whites [7, 8] . There is no study from the Indian sub-continent that deals with the relative frequency of the different variants of FSGS. We have categorized our cohort of 210 cases of adult primary FSGS into the variants and compared their presentation and morphological details.
Materials and methods
Consecutive 210 cases of adult primary FSGS diagnosed during 4 years (between May 2002 and June 2006) were analysed. Renal biopsies were studied by light microscopy and immunofluorescence/immunohistochemistry. The diagnosis of primary FSGS was established when there was no immunopathologic evidence for another primary glomerular disease or a systemic disease associated with secondary segmental glomerular sclerosis and when the review of the medical records of each patient revealed no evidence of systemic disease, other diseases associated with glomerulopathy such as reflux, HIV infection, nephrectomy, solitary kidney, intravenous drug abuse, intake of therapeutic drugs like lithium or a family history of renal disease. Ten cases were excluded: 8 for inadequate number of glomeruli, 1 was on lithium therapy and 1 had post-partum healed cortical necrosis.
Haematoxylin & eosin and periodic acid-Schiff stained slides were analysed by two renal pathologists (KJ and RN) and categorized into one of the morphologic variants ( Figure 1 ) according to the Columbia classification scheme [1] . The results were statistically analysed, and correlation with clinical presentation, duration of symptoms, degree of proteinuria, serum creatinine and the presence of haematuria or hypertension was evaluated.
Statistical analysis of the data was done using appropriate tests, i.e. the chi-Square test, ANOVA tests, Mann-Whitney tests, and Kruskal-Wallis tests. A P-value of <0.05 was considered to be significant.
Results
Collapsing variant comprised only four cases (2%) of the total FSGS patients. Three out of the four cases were males and in 3rd and 4th decades of life. All patients were over 25 years of age. At the time of biopsy, these patients were symptomatic for ∼10 months which was significantly less than patients with perihilar variants (65.33 months). These patients had a higher degree of protienuria (6.17 + 4.67 g/day) which was significantly more than those with NOS, perihilar and tip variants. Creatinine levels were elevated in all categories, being highest in collapsing variant. The difference in creatinine levels at the time of biopsy was not statistically different between the variants. One-third of patients with collapsing variant had haematuria at presentation. Mild-to-moderate hypertension was present in all cases (mild 3, moderate 1) ( Table 1) .
In collapsing variant, ∼30% of total glomeruli were involved. There was only mild inflammation in the majority of the cases, associated with moderate fibrosis in one quarter and mild-to-moderate atrophy in one-quarter cases. No microcystic change was seen in any case. Blood vessels revealed mild-to-moderate hypertrophy in one-fourth (Table 2) .
Tip variant was observed in 13.5% of all cases of FSGS. It was more frequent in male patients and occurred in the 3rd and 4th decades of life. Almost half the numbers of patients were less than 25 years of age. The degree of proteinuria and serum creatinine level were similar to those of all other variants, except collapsing and perihilar variants. Haematuria was present in one-fifth of patients. Mild hypertension was present in 61% patients only (Table 1 ).
In the tip variant, the least number of glomeruli were involved (18.68 +11.57). Mild interstitial inflammation was present in 66.6% and mild interstitial fibrosis associated with tubular atrophy in ∼40 and 37% cases, respectively. Mild-to-moderate arteriolar/arterial changes were present in 22% cases (Table 2) .
Cellular variant constituted 8% biopsies of FSGS. The majority of these patients were males (6:1) and in their 3rd and 4th decades. One-third of them were less than 25 years of age. These patients had the shortest period of symptoms at the time of biopsy (4.38 months) that was statistically shorter than all other variants. Like collapsing variant, these patients had a higher degree of proteinuria (4.6+2.83 g/ day), though less than the patients with collapsing variant. Creatinine levels were slightly higher than the perihilar variant where renal function was best preserved. Haematuria was most frequent in cellular variant (61%). About 40% of patients were normotensive, mild hypertension was present in 50% of cases and moderate in only one case (Table 1) .
In this variant, about one-third of glomeruli were involved; 10% of glomeruli showed cellular lesions. Mild interstitial inflammation was present in 85.7% along with mild interstitial fibrosis (50%) and mild-to-moderate tubular atrophy. Mild-to-moderate vascular changes were present in only ∼14.3% of biopsies (Table 2) .
Perihilar variant was present in 4% biopsies. Most of the patients were less than 25 years and were males. These patients had least amount of proteinuria (1.94+0.94 g/day) and elevation of creatinine. None of the patients had evidence of haematuria. These patients had symptoms for the longest duration (65.37 + 99.30 months) before the biopsy. Severe hypertension was present in 1% and mildto-moderate in rest (Table 1) .
Maximum numbers of glomeruli (39.55 + 18.82%) were involved in this variant. Mild interstitial inflammation was present in all biopsies and mild-to-moderate tubular atrophy (75-25%) with associated moderate interstitial fibrosis (50%) was present. Mild-to-moderate vascular changes of hypertension were present in 50% of cases (Table 2) . FSGS-NOS was the most frequent biopsy diagnosis (72.5%) amongst the entire FSGS group. Two-thirds of these patients were males and ranged from 17 to 65 years. They were symptomatic for 20.15 + 36.09 months at the time of biopsy, which statistically was only more than cellular variant. The degree of proteinuria was not much different from tip variant, and elevation of creatinine was comparable with other variants. Haematuria was seen in one-quarter of cases. Only 30% of patients were normotensive and a majority (51%) had mild hypertension (Table 1) .
Kidney biopsies showed that about one-third of the glomeruli were sclerosed. Mild-to-severe interstitial inflammation, interstitial fibrosis and tubular atrophy were present in this variant. A severe degree of tubulo-interstitial changes was seen in this variant only. Arteriolar and arterial changes of hypertension were absent in 52.3% and 82.8% cases and severe arteriolar changes were seen in 2% biopsies only (Table 2) .
Immunofluorescence/immunohistochemistry of the biopsies did not show any statistically significant difference in staining patterns in different variants. There was segmental trapping of both IgM and C3 in 49.6% of cases. Isolated IgM or C3 was seen in 20.9% and 15.7% of cases, respectively. No immune complexes were seen in 13.7% of biopsies.
Electron microscopic examination showed changes in podocytes. There was variable foot process effacement, villous transformation, segmental foot process drop out, vesicles formation and subepithelial cysts. There were segmental areas of basement membrane wrinkling, subendothelial hyaline material deposition and sclerosis. Tubuloreticular inclusions were looked for in all the cases and were not identified in any of the cases including collapsing glomerulopathy. There was no significant difference in different variants; however, there were very limited number of cases of two variants.
Discussion
In the present study, we have analysed clinico-pathological features of Indian adult patients diagnosed as primary FSGS and categorized into five variants as per Columbia classification [1] . The frequency of variants compared in Indian, Chinese, Dutch and multiethnic groups is tabulated in Table 3 . It is obvious that the prevalence of collapsing variant in study cohorts which did not include African Americans is significantly less, (range 2-6.9%) as compared to multiethnic cohorts which included 53% and 91% African Americans. 4−5 This is in agreement with other studies where 54-91% of patients with collapsing variant were African Americans [3, 4, 9] . Another study of collapsing variant in non-HIV patients included only five patients that were not African Americans [10] . Hence, these studies in different ethnic groups, including observation in the present study, reiterate the fact that collapsing variant is infrequent in non-African American races.
Another difference as is evident from Table 3 is the difference in the prevalence of tip and cellular variants. Though some authors initially did not discriminate between cellular and collapsing variants, Columbia classification has distinctly defined the diagnostic inclusion and exclusion criteria of both the entities. Tip variant comprised 37% cases in Dutch series [6] , whereas they did not find any cellular variant. They have attributed this variation to the composition of the study population being only Dutch. Overall, cellular variant was less frequent in most series, comprising only 3-4.5% of cases in multiethnic cohorts [4] , except the Chinese series [3] that had one-quarter, and the present Indian cohort that had one-tenth of cases as cellular variant. Another study with predominant African Americans documents 32% of cases as cellular variant in the paediatric age group [11] . Being small groups in most of the series, it was difficult to preclude firm conclusions on prognosis and outcome. Could there be some morphological overlap between tip and cellular variants as both of them can have intracapillary expansile foam cells, located either at the polar domain in the tip variant or at any other location in the cellular variant? However, both variants have distinct clinical parameters at presentation, justifying their status as separate entities. In Table 3 , it is observed that the overall prevalence of combined tip and cellular variant was 13.9%, 20%, 20.5%, 30.4%, 32% and 37% in different series. Can the lesions of tip and cellular variants be two stages of a single entity identified at different points of time, thus accounting for differences in clinical presentation? However, these studies were limited by the lack of follow-up or due to smaller number of cases or lack of data. A comparison of longer follow-up of the cases of cellular and tip variant might give some clue.
The perihilar variant was seen only in 4% of patients in the present study, similar to the low prevalence in the Chinese cohort [3] , whereas it comprised 26% of patients in series by Deegan et al. (Dutch cohort) [6] and Thomas et al. (multiethnic group) [4] . These two studies from Asian cohorts (Indian and Chinese) re-emphasize the fact that the study population affects the prevalence of various variants.
Hypertension is an important cause of secondary FSGS, although most other reasons for secondary FSGS, such as reflux nephropathy, renal agenesis etc., are ruled out during evaluation by radiological examination. Most of the patients of perihilar variant in the present study and Dutch study [6] and 80% patients in the study by Thomas et al. [4] had a history/documentation of hypertension. Obesity, another comorbid factor in perihilar variant, was not documented in any of these studies including the present study. This may partly be due to the retrospective nature of the studies and difficulty in assessing obesity in nephrotic state at presentation. However, majority of the patients were not obese in the present cohort (not documented). Other clinical characteristics of the perihilar variants were comparable with other studies except for the fact that perihilar variant in present series had a lower degree of proteinuria and better creatinine values.
A varying degree of hypertension was also documented in other variants (Tables 1 and 4) , and the difference between the prevalence of hypertension between variants was statistically significant (P = 0.013). Thomas et al. [4] also found a significant difference in the degree of hypertension between different variants. In their series, the percentage of hypertensives was more in perihilar & NOS (80% each) and least in tip variant (54% cases) (P = 0.05), while in other studies the difference was not significant [3, 5] (4).
In present study, most of the cases of FSGS (54.5% in total) were between 26 and 50 years of age at the time of biopsy. Previous studies [3] [4] [5] showed that collapsing FSGS affects younger and tip variant affects older patients, whereas in the present study none of the patients with collapsing variant were less than 25 years, whereas 40.7% of tip variant were young (less than 25 years). However, the observation about collapsing variant in the present study is based on only four cases. In present study, a majority of the cases of FSGS were males (M: F = 2.17:1). The male: female ratio in various variants ranged from 6:1 in cellular variant to 1:1 in perihilar variant. However, the difference in the sex ratio between variants was statistically not significant, as is documented in the literature [3] [4] [5] (Table 4) .
In the present study, the mean duration of illness in months till the time of renal biopsy was 19.71 ± 37.28 months. The variants had a significant difference in their duration of onset of illness. The cellular variants were biopsied at the earliest (4.38 ± 5.57 months) followed by collapsing (10.75 ± 16.88 months), and perihilar variant presented at a later stage (65.33 ± 99.30 months). In the series by Deegan et al. [6] comparable to the present study, perihilar variant had symptoms for the longest period before biopsy (49 months) but collapsing had shortest period followed by tip and then NOS variant (Table 1 ). In the Chinese study [3] also, perihilar patients had symptoms for the longest period; Stokes et al. [5] also concluded that tip, cellular and collapsing variants showed significantly shorter time to biopsy compared to NOS. Other studies [9] did not find significant difference in the case of duration between variants ( Table 4 ).
The average serum creatinine level at the time of biopsy in cases of FSGS was 2.16 ± 2.22 mg% (normal range 0.8-1.1 mg%). Different morphological variants presented with different serum creatinine levels, which were highest in collapsing variant (2.75 ± 1.31 mg%) and lowest in perihilar (0.93 ± 1.53 mg%), but the difference between variants was not statistically significant (P = 0.57). In other studies [3] [4] [5] , average serum creatinine level varied between 2 and 2.5 mg% with highest levels in collapsing as in the present study; however, it was lowest in the tip variant (P < 0.05) ( Table 4) .
The average urine protein excretion rate was 3.41 ± 1.95 g/day. The degree of proteinuria was highest in patients of collapsing variant (6.17 ± 4.67 g/day) and lowest in patients with perihilar variant (1.94 ± 0.94 g/day). The comparison between different variants for the degree of proteinuria was statistically significant (P = 0.017). This is in concordance with the study by Thomas et al. [4] where the degree of proteinuria was highest in patients of cellular, collapsing and tip variants (16 ± 15, 10 ± 5.3, 9.7 ± 7 g/day, respectively) and lowest in patients with perihilar variant (4.4 ± 3.3 g/day). In the series by Deegan et al. [6] , highest proteinuria was in collapsing and tip variants (10.4 ± 6.7, 10.0 ± 5.7 g/day, respectively) and similarly lowest in patients with perihilar variant (5.2 ± 2.6 g/day). Shi et al. [12] also observed that the level of proteinuria in cellular and tip variants was much higher than NOS. Proteinuria in perihilar variant may be of nephrotic range but is generally without nephrotic syndrome and serum albumin remains normal even if protienuria exceeds 3 g/dl [13, 14] (Table 4) .
Haematuria was present at the time of biopsy in ∼26.74% cases of FSGS. Haematuria was present more often in cellular variant (61.5% cases) and absent in perihilar, and the presence of haematuria at presentation was statistically different between various variants (P = 0.043). The presence of haematuria could be a reason for shorter period of symptoms at the time of biopsies in cellular variant as compared to variants where haematuria was less frequent [tip, collapsing and FSGS-NOS] or absent (perihilar). In the study by Stokes [5] et al., the percentage of cases of glomerular tip lesion presenting with haematuria was 58%, whereas in our study it was 20.83%. However, comparison between different variants has not been done in previous studies (Table 4) .
In conclusion, FSGS as classified into variants by Columbia classification stratifies FSGS into variants that have distinct clinical characteristics, but there is difference in the prevalence of various variants in different populations. There was lower prevalence of perihilar variant and a higher prevalence of tip and cellular variants taken together when compared with the western literature and this was similar to observations of another Asian cohort (China). Collapsing variant was infrequent as compared to the west.
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